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(57) Abstract: Apparatus is provided 
for delivering a Non Steroidal 
Anti-Inflammatoiy Drug (NSAID) 
supplied to a body of a subject for 
delivery to at least a portion of a 
central nervous system (CNS) of 
the subject via a systemic blood 
circulation of the subject, including 
a stimulator (4) adapted to stimulate 
at least one site of the subject, so as 
to cause an increase in passage of 
the NSAID from the systemic blood 
circulation across a blood brain barrier 
(BBB) of the subject to the portion of 
the CNS, during at least a portion of 
the time that the NSAID is present in 
the blood, the site selected from the 
list consisting of: a sphenopalatine 
ganglion (SPG) (6) of the subject, 
an anterior ethmoidal nerve of the 
subject, a posterior ethmoidal nerve of 
the subject, a conmiunicating branch 
between an anterior ethmoidal nerve 
and a retro-orbital branch of an SPG 

(6) of the subject, a communicating branch between a posterior ethmoidal nerve and a retro-oibital branch of an SPG (6) of the 
subject, a greater palatine nerve of the subject, a lesser palatine nerve of the subject, a sphenopalatine nerve of the subject, a 
communicating branch between a maxillary nerve and an SPG (6) of the subject, a nasopalatine nerve of the subject, a posterior 
nasal nerve of the subject, an infi^rbital nerve of the subject, an otic ganglion of the subject, an afferent fiber going into the otic 
ganglion of the subject, an efferent fiber going out of the otic ganglion of the subject, a vidian nerve of the subject, a greater 
superficial petrosal nerve of the subject, and a lesser deep petrosal nerve of the subject. 
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For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the FCT Gazette. 
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ADMINISTR ATT QN OF ANTE-INFLAMMATORY DRUGS INTO THE CENTRAr. 

NERVOUS SYSTFM 

CROSS-REFERENCE TO RELATED APPLICATIONS 

This application claims priority from US Patent Application 10/294^43, filed 
5 November 14, 2002, entitled, "Administration of anti-inflammatoiy drugs into the central 
nervous system," which: 

(a) is a continuation-in-part of a US patent q)plication to Shalev and Gross, filed 
November 8, 2002, entitled, "Method and apparatus for stimulating the sphenopalatine 
gangUon to modify properties of the BBB and cerebral blood flow," which is a US regular 

10 patent appUcation corresponding to POT Patent Application POT / ILOl / 00402, filed 
May 7, 2001, entitled, "Method and apparatus for stimulating the sphenopalatine ganglion 
to modify properties of the BBB and cerebral blood flow," which clauns priority fiom US 
Provisional Patent AppUcation 60/203,172, filed May 8, 2000, entifled, "Method and 
apparatus for stimulating the sphenopalatine gangUon to modify properties of the BBB 

1 5 and cerebral blood flow"; 

(b) claims priority from (i) US Provisional Patent Application 60/388,931, filed 
June 14, 2002, entitled, "Metiiods and systems for management of Alzheimer's disease," 
and (ii) US Provisional Patent Application 60/400,167, filed July 31, 2002, entitied, 
"Delivering compounds to tiie brain by modifying properties of tiie BBB and cerebral 

20 circulation"; and 

(c) is related to: (i) US Provisional Patent AppUcation 60/426,180, filed November 
14, 2002, entitied, "Surgical tools and techniques for stimulation," (ii) US Provisional 
Patent AppUcation 60/426,182, filed November 14, 2002, entitied, "Stimulation circuitiy 
and control of electronic medical device," (in) US Patent AppUcation 10/294,310, filed 

25 November 14, 2002, entitied, "Stimulation for treating eye patiiologies," and (iv) US 
Provisional Patent AppUcation 60/426,181, filed November 14, 2002, entitied, 
"Stimulation for treating ear pathologies." 

Each of tiie above-cited patent appUcations is assigned to tiie assignee of tiie 
present patent application and is incorporated herein by reference. 
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FIELD OF THE INVENTION 

The present invention relates generally to medical procedures and electrical 
devices. More specifically, the invention relates to the use of electrical, chemical, 
mechanical and/or odorant stimulation for administering anti-inflammatoiy drugs. 

5 BACKGROUND OF TBE INVENTION 

The blood-brain barrier (BBB) is a xmique feature of the central nervous system 
(CNS) which isolates the brain from the systemic blood circulation. To maintain the 
homeostasis of the CNS, the BBB prevents access to the brain of many substances 
ciiculatmg in the blood. 

10 The BBB is formed by a complex cellular system of endothelial cells, astroglia, 

pericytes, perivascular macrophages, and a basal lamina. Compared to other tissues, brain 
endothelia have the most intimate cell-to-cell coimections: endothelial cells adhere 
strongly to each other, forming structures specific to the CNS called "tight junctions" or 
zonula occludens. They involve two opposing plasma membranes which form a 

15 membrane fiision with cytoplasmic densities on either side. These tight junctions prevent 
cell migration or cell movement between endothelial cells. A contiauous imiform 
basement membrane surrounds the brain capillaries. This basal lamina encloses 
contractile cells called pericytes, which form an intermittent layer and probably play some 
role in phagocytosis activity and defense if the BBB is breached. Astrocytic end feet, 

20 which cover the brain capillaries, build a continuous sleeve and maintain the integrity of 
the BBB by the synthesis and secretion of soluble growth factors (e.g., gamma-glutamyl 
transpeptidase) essential for the endothelial cells to develop their BBB characteristics. 

Because of the BBB, certain non-surgical treatments of the brain based upon 
systemic introduction of compounds through the bloodstream have been ineffective or 

25 less effective. For example, chemotherapy has been relatively ineffective in the treatment 
of CNS metastases of systemic cancers (e.g., breast cancer, small cell lung cancer,, 
lymphoma, and germ cell tumors), despite clinical regression and even complete 
remission of these tumors in non-CNS systemic locations. Important factors determining 
drug delivery from blood into the CNS are lipid solubility, molecular mass, and electrical 

30 charge. A good correlation exists between the lipid solubility of a drug, expressed as the 
octanol/water partition coefficient, and the drug's ability to penetrate or diffuse across the 
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BBB. This is particularly relevant for drugs with molecular weights smaller than 600 
dalton (Da), The normal BBB prevents the passage of ionized water soluble drugs with a 
molecular weight greater than 180 Da. Many currently-available effective 
chemotherapeutic agents, however, have a molecular weight between 200 and 1200 Da. 
5 Therefore, based both on their lipid solubilities, molecular masses, and/or other factors, 
the passage of many agents is impeded by the BBB. 

In addition to transcellular diffiision of lipophilic agents, there are several q)ecific 
transport mechanisms to carry certain molecules across the brain's endothelial cells. 
Specific transport proteins exist for required molecules, such as glucose and amino acids. 
10 Additionally, absorptive endocytosis and transcytosis occur for cationized plasma 
proteins. Specific receptors for certain proteios, such as transferrin and insulin, mediate 
endocytosis and transport across the cell. 

Non-surgical treatment of neurological disorders is generally limited to systemic 
introduction of compounds such as neuropharmaceuticals and other nexffologically-active 
15 agents that might remedy or modify neurologically-related activities and disorders. Such 
treatment is linoited, however, by Ihe relatively small number of known compounds that 
pass through the BBB. Even those that do cross the BBB often produce adverse reactions 
in other parts of the body. 

There have been a number of different studies regardmg efforts to cross the BBB - 
20 - specifically, with regard to overcoming the limited access of drugs to the braiiL Such 
efforts have included, for example, chemical modification, development of more 
hydrophobic analogs, or linking an active compound to a specific carrier. Transient 
opemng of the BBB in humans has been achieved by intracarotid infusion of hypertonic 
mannitol solutions or bradykinin analogs. Also, modulation of the P-glycoprotein, whose 
25 substrates are actively pxmiped out of brain cells into capillary lumens, has been found to 
facilitate the delivery of drugs to the brain. 

Many pathological conditions, such as stroke, migraine, and Alzheimer's disease, 
are significantiy affected or exacerbated by abnormal cerebral blood flow. 

PCT Patent Publication WO 01/85094 to Shalev and Gross, which is assigned to 
30 the assignee of the present patent application and is incorporated herein by reference, 
describes apparatus for modifying a property of a brain of a patient, including electrodes 
appUed to a sphenopalatine gangUon (SPG) or a neural tract originating in or leading to 
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the SPG. A control unit drives the electrodes to apply a current capable of inducing (a) an 
increase in permeability of a blood-brain barrier (BBB) of the patient, (b) a change in 
cerebral blood flow of the patient, and/or (c) an inhibition of parasympathetic activity of 
the SPG. 

5 US Patent 5,756,071 to Mattem et al., which is incorporated herein by reference, 

describes a method for nasally adn^nistering aerosols of therapeutic agents to enhance 
penetration of the blood brain barrier. The patent describes a metering spray designed for 
pemasal application, the spray containing at least one sex hormone or at least one 
metabolic precursor of a sex hormone or at least one derivative of a sex hormone or 
10 combinations of these, excepting the precursors of testosterone, or at least one biogenic 
amine, with tihie exception of catecholammes. 

US Patent 5,752,515 to Jolesz et al., which is incorporated herein by reference, 
describes apparatus for image-guided ultrasound delivery of compounds through the 
blood-brain barrier. Ultrasound is applied to a site in the brain to elBFect in the tissues 

15 and/or fluids at that location a change detectable by imaging. At least a portion of the 
brain in the vicinity of the selected location is imaged, e.g., via magnetic ^resonance 
imaging, to confirm the location of that change. A compound, e.g-, a 
neuropharmaceutical, in the patient's bloodstream is delivered to the confirmed location 
by applying ultrasound to effect openii^ of the blood-brain barrier at that location and, 

20 thereby, to induce uptake of the compound there. 

PCX PubKcation WO 01/97905 to Ansarinia, which is incorporated herem by 
•reference, describes a method for the suppression or prevention of various medical 
conditions, including pain, movement disorders, autonomic disorders, and 
neuropsychiatric disorders. The method includes positioning an electrode on or proximate 
25 to at least one of the patient's SPG, sphenopalatine nerves, or vidian nerves, and activating 
the electrode to apply an electrical signal to such nerve. In a further embodiment for 
treating the same conditions, the electrode used is activated to dispense a medication 
solution or analgesic to such nerve. The '905 publication also describes surgical 
techniques for implanting the electrode. 

30 US Patent 6,405,079 to Ansarinia, which is incorporated herein by reference, 

describes a method for the suppression or prevention of various medical conditions, 
including pain, movement disorders, autonomic disorders, and neuropsychiatric disorders. 
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The method includes poationing an electrode adjacent to or around a sinus, the dura 
adjacent a sinus, or falx cerebri, and activating the electrode to apply an electrical signal 
to the site. In a further embodiment for treating the same conditions, the electrode 
dispenses a medication solution or analgesic to the site. The '079 patent also describes 
surgical techniques for implanting the electrode. 

Samad TA et aL, in an article entitled, "Interleuldn-lbeta-mediated induction of 
Cox-2 in the CHS contributes to inflammatory pain hypersensitivity," in Nature 
410(6827):471-5 (2001), describe mechanisms that indicate that preventing central 
prostanoid production, by inhibiting the interleukin-lbeta-mediated induction of Cox-2 in 
neurons or by inhibiting central Cox-2 activity, may reduce centraUy-generated 
infl a mm a t ory pain hypersensitivity. 

The following references, which are incorporated herein by reference, may be- 

useflil: 

Delepine L, Aubineau P, "Plasma protein extravasation induced in the rat dura mater by 
stimulation of the parasympathetic sphenopalatine ^ngUon," Experimental Neurology, 
147, 389-400 (1997) 

Kara H, Zhang QJ, Kuroyanagi T, Kobayashi S, "Parasympathetic cerebrovascular 
innervation: An anterograde tracing from tiie sphenopalatine gangUon in tiie rat," 
Neurosurgery, 32, 822-827 (1993) 

JolUet-Riant P, Tillement JP, "Dmg transfer across the blood-brain barrier and 
improvement of brain delivray," Fundam. Clin. Pharmacol., 13, 16-25 (1999) 

Kron RA, Neuwelt EA, "Outwitting the blood brain barrier for therapeutic purposes: 
Osmotic opening and other means," Neurosurgery, 42, 1083-1 100 (1998) 

Sanders M, Zuurmond WW, "EfiBcacy of sphenopalatine gangUon blockade in 66 patients 
suffering from cluster headache: A 12-70 montii follow-up evaluation," Journal of 
Neurosurgery, 87. 876-880 (1997) 

Syelaz J, Kara H, Pinard E, Mraovitch S, MacKenzie ET, Edvinsson L, "Effects of 
stimulation of tiie sphenopalatine ganglioh on cortical blood flow in tiie rat," Journal of 
Cerebral Blood Flow and Metabolism," 8, 875-878 (1988) 
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Van de Waterbeemd H, Camenisch G, Folkers G, Oiretien JR, Raevsky OA, "Estimation 
of blood brain barrier crossing of drugs using molecular size and shape and h bonding 
descriptors," Journal of Drug Targeting," 6, 151-165, (1998) 

Suzuki N, Hardebo JE, Kahrstrom J, Owman C, "Selective electrical stimulation of 
5 pos^anglionic cerebrovascular parasympathetic nerve fibers originating from the 
sphenopalatine ganglion enhances cortical blood flow in the rat," Journal of Cerebral 
Blood Flow and MetaboUsm, 10, 383-391 (1990) 

Suzuki N, Hardebo JE, Kahrstrom J, Owman CH, "Effect on cortical blood flow of 
electrical stimulation of trigeminal cerebrovascular nerve fibres in the rat," Acta Physiol. 
10 Scand., 138, 307-315 (1990) 

Major A, Silver W, "Odorants presented to the rat nasal cavity mcrease cortical blood 
flow," Chem. Senses, 24, 665-669 (1999) 

Fusco BM, Flore G, Gallo F, MarteUetti P, Giacovazzo M, '"Capsaidn-sensitive' sensory 
neurons in cluster headache: pathophysiological aspects and ther^eutic indications," 
15 Headache, 34, 132-137 (1994) 

Lambert OA, Bogduk N, Goadsby PJ, Duckworth JW, Lance JW, "Decreased carotid 
arterial resistance in cats in response to trigeminal stimulation," Journal of Neurosurgery, 
61,307-315(1984) 

Silver WL, "Neural and pharmacological basis for nasal kritation," m Tucker WG, 
20 Leaderer BP, Nfolhave L, Cain WS (eds). Sources of Indoor At Contaminants, Ann. NY 
Acad. Sci., 641, 152-163 (1992) 

Silver W, "Chemesthesis: the burning questions," ChemoSense, Vol. 2, 1-2 (1999) 

Devoghel JC, "Cluster headache and sphenopalatine blocks" Acta Anaesthesiol Belg., 
32(l):101-7 (1981) 

25 SUMMARY OF THE INVENTION 

It is an object of some aspects of tihie present invention to provide unproved 
methods and apparatus for delivery of compounds to tiie bram, particularly through tiie 
BBB. 
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It is also an object of some aspects of the present invention to provide such 
methods and apparatus as can be employed to deliver such compounds through the BBB 
with a minimally invasive approach. 

It is a fiirther object of some aspects of the present invention to provide such 
5 methods and apparatus as can fecilitate delivery of large molecular weigjit compounds 
through the BBB. 

It is yet a fiirfher object of some aspects of the present invention to provide cost- 
effective methods and apparatus for delivery of compounds through the blood-brain- 
barrier. 

10 It is still a fiirfher object of some aspects of the present invention to provide 

improved methods and apparatus for remedying or modifying neurological activities and 
disorders via delivery of compounds through the blbod-bram-barrier. ' 

It is also a further object of some aspects of the present invention to provide 
unproved methods and apparatus for delivery of Non Steroidal Anti-Inflammatory Drugs 
1 5 (NSAIDs) to the central nervous system, particularly through the BBB. 

It is an additional object of some aspects of the present invention to provide 
improved methods and apparatus for modulating cerebral blood flow. 

It is yet an additional object of some aspects of the present invention to provide 
improved methods and apparatus for treating migraine, cluster and other ^es of 
20 headaches. 

It is still an additional object of some aspects of the present invention to provide 
improved methods and apparatus for treating neurological diseases (for example, 
Alzheimer's disease). 

It is also an object of some aspects of the present invention to provide implantable 
25 apparatus which affects a property of the brain, without actually being implanted in the 
brain. 

It is a further object of some aspects of the present invention to provide methods 
which affect a property of the brain without the use of implantable apparatus. 
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It is yet a further object of some aspects of the present invention to affect a 
property of the brain by using the neuroexcitatoiy and/or neuroinhibitory effects of 
odorants on nerves in the head 

These and other objects of the invention will become more apparent fix)m the 
5 description of preferred embodiments thereof provided hereinbelow. 

In some preferred embodiments of the present invention, the transport of Non 
Steroidal Anti-Inflammatory Drugs (NSAIDs) across the BBB into the brain, the spinal 
cord, or the eye is facilitated by stimulating at least one "modulation target site" (MTS), as 
defined hereinbelow, by applying electrical, chemical, mechanical and/or odorant 
10 stimulation to the site. Typically, the stimulation is applied in order to induce changes in 
cerebral blood flow and/or to modulate permeability of the blood-brain barrier (BBB). 

In the present patent application, including the claims, a "modulation target site" 
(MTS) consists of: 



15 



a sphenopalatine gangUon (SPG) (also called a pterygopalatine 
ganglion); 



an anterior ethmoidal nerve; 



a posterior ethmoidal nerve; 



a communicating branch between the anterior ethmoidal nerve and the 
SPG (retro orbital branch); 



20 



a coromunicating branch between the posterior ethmoidal nerve and 
the SPG (retro orbital branch) 



a nerve of the pterygoid canal (also called a vidian nerve), such as a 
greater superficial petrosal nerve (a preganglionic parasympathetic 
nerve) or a lesser deep petrosal nerve (a postganglionic sympathetic 



25 



nerve); 



a greater palatine nerve; 



a lesser palatine nerve; 



a sphenopalatine nerve; 
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• a communicating branch between the maxillary nerve and the 
sphenopalatine ganglion; 

• a nasopalatine nerve; 

• a posterior nasal nerve; 
5 • an infiaorbital nerve; 

• an otic ganglion; 

• an afferent fiber going into the otic ganglion; or 

• an efferent fiber going out of the otic ganglion. 

It is to be appreciated that references herein to specific modulation target sites are 
10 to be understood as includmg other modulation target sites, as appropriate. 

It is fiirther to be appreciated that implantation and modulation sites, methods of 
hnplantation, and parameters of modulation are described herem by way of illustration 
and not limitation, and that the scope of the present invention includes other possibilities 
which would be obvious to someone of ordinary skill in the art who has read the present 
15 patent applicatioiL 

It is yet fiirfher to be appreciated that while preferred embodiments of the 
mvention are generally described herem with respect to electrical transmission of power 
and electrical modulation of tissue, other modes of energy transport may be used as well. 
Such energy includes, but is not limited to, direct or induced electromagnetic energy, 
20 radiofirequency (RF) transmission, mechanical vibration, xiltrasonic transmission, optical 
power, and low power laser energy (via, for example, a fiber optic cable). 

It is additionally to be appreciated that whereas preferred embodiments of the 
present invention are described with respect to application of electrical currents to tissue, 
this is to be understood in the context of the present patent application and in the claims as 
25 being substantially equivalent to applymg an electrical field, e.g., by creating a voltage 
drop between two electrodes. 

In some preferred embodiments of the present invention, stimulation of at least 
one MTS is achieved by presenting odorants to an air passage of a patient, such as a nasal 
cavity or the throat. The temporal profile and other quantitative characteristics of such 
30 odorant modulation are believed by the present inventors to have a mechanism of action 
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that has a neuroanatomical basis overlapping with that of the electrical modulation of the 
SPG. Furthermore, experimental animal evidence collected by the mventors and 
described in a US provisional patent application to Shalev and Gross entitled, "SPG 
stimulation," ffled March 28, 2002, which is assigned to the assignee of the present 
5 mvention and is incorporated herein by reference, suggest a correlation between the 
mechanisms of increasing cerebral blood flow and increased cerebrovascular 
permeability. For some applications, odorant-presentation techniques for treating an eye 
condition described herein are practiced in combination with techniques described in US 
Provisional Patent AppUcation 60/376,048, filed April 25, 2002, entitled, "Methods and 
10 apparatus for modifying properties of the BBB and cerebral circulation by using the 
neuroexcitatory and/or neuroinhibitory effects of odorants on nerves in flie head," which 
is assigned to the assignee of the present patent application and is incorporated herein by 
reference. 

Odorants that may iQcrease or decrease cerebral blood flow and/or the 
15 permeability of the BBB include, but are not limited to, propionic acid, cyclohexanone, 
amyl acetate, acetic acid, citric acid, carbon dioxide, sodium chloride, ammonia, menthol, 
alcohol, nicotine, piperine, gmgerol, zingerone, allyl isothiocyanate, cinnamaldehyde, 
cuminaldehyde, 2-propenyl/2-phenylethyl isothiocyanate, thymol, and eucalyptol. 

The odorants reach the ^ropriate neural structures and induce vasodilatation, 
20 vasoconstriction and/or cerebrovascular permeability changes. Delivery of a drug can be 
achieved by mixing the drug with the odoran^ by mtravenously, intraperitoneally, or 
intramuscularly administering the drug while the odorant is having an effect, or 
therebefore; or by other delivery methods known in the art. 

In some preferred embodiments of the present invention, stimulation of at least 
25 one MTS is achieved by applying a neuroexcitatory agent to the MTS. Suitable 
neuroexcitatory agents include, but are not limited to acetylcholine and urocholine. For 
some applications, the MTS is stimulated by applying a neuroinhibitory agent, such as 
atropine, hexamethonium, or a local anesthetic (e.g., lidocaine). 

In some preferred embodiments of the present invention, stunulation of the MTS 
30 is achieved by applying mechanical stunulation to the MTS, e.g., vibration. 

As described above, it is believed that substantially all pharmacological treatments 
aimed at cerebral cells (for example those used for treating neurological and psychiatric 

10 
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disorders and pathologies) are amenable for use in combination with techniques described 
herein, including electrical, odorant, chemical and mechanical techniques for stimulating 
at least one MTS. In particular, these embodiments of the present mvention may be 
adapted for use in faciUtating the administration of Non Steroidal Anti-Inflammatory 
Drugs (NSAIDs) to the CNS, including the brain and the spinal cord, or to the eye or ear. 
These techniques facilitate the deUvery of NSAIDs to the CNS to treat (a) conditions of 
the CNS, including, neurodegenerative and inflammatory conditions, and (b) peripheral 
conditions, including inflammatory conditions. Examples of conditions of the CNS that 
typically benefit from these techniques include inflammation of the brain; headaches, 
including migraines; neurodegenerative diseases; Alzheimer's disease; depression; 
lethargy; loss of appetite; multiple sclerosis; psychic disturbances (e.g., AIDS-related 
psychic disturbances); dementia (of known or unknown cause); and viral and bacterial 
infections. Examples of peripheral conditions that typically benefit from these techniques 
include muscle and joint pain, often caused by inflammation and/or infection. For some 
applications, these techniques are effective in treating peripheral conditions by means of 
mechanisms described in the above-cited article to Samad TA et al., or by means of other 
mechanisms. 

Advantageously, for some applications, use of the-techniques described herein 
generally allows substantially more NSAID molecules to cross the BBB than would 
otherwise be possible. Altiiough NSAID molecules are typically relatively small (about 
250 Da), they generally exhibit about 99.9% plasma bmding, which substantially inhibits 
their passage across the BBB. Use of the techniques described herem generally allows 
more NSAID molecules that are bound to high molecular weight compounds (e.g., 
albumin) to cross the BBB than would otherwise be possible. 

Further advantageously, for some ^plications, the use of the techniques described 
herein for increasing the permeability of the BBB generally allows the administration of a 
lower dosage of an NSAID in order to deliver a given dosage of the NSAID to the CNS, 
than would otherwise be necessary. Administration of such a lower dosage typically 
reduces any unwanted side-effects that may be associated with the use of NSAIDs. 

There is therefore provided, in accordance with an embodiment of the present 
invention, apparatus for delivering a Non Steroidal Anti-Inflammatory Drug (NSAID) 
supplied to a body of a subject for delivery to at least a portion of a central nervous 
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system (CNS) of the subject via a systemic blood circulation of the subject, including a 
stimulator adapted to stimulate at least one site of the subject, so as to cause an increase in 
passage of the NSAID from the systemic blood circulation across a blood brain barrier 
(BBB) of the subject to the portion of the CNS, during at least a portion of the time that 
5 the NSAID is present in the blood, the site selected from the list consisting of: a 
sphenopalatine ganglion (SPG) of the subject, an anterior ethmoidal nerve of the subject, 
a posterior ethmoidal nerve of the subject, a communicating branch between an anterior 
etimoidal nerve and a retro-orbital branch of an SPG of the subject, a communicating 
branch between a posterior ethmoidal nerve and a retro-orbital branch of an SPG of the 

10 subject, a greater palatine nerve of the subject, a lesser palatine nerve of the subject, a 
sphenopalatuie nerve of the subject, a communicating branch between a maxillary nerve 
and an SPG of the subject, a nasopalatine nerve of the Subject, a posterior nasal nerve of 
the subject, an infraorbital nerve of the subject, an otic ganglion of the subject, an afferent 
fiber going into the otic ganglion of the subject, an efferent fiber going out of the otic 

15 ganglion of tiie subject, a vidian nerve of the subject, a greater superficial petrosal nerve 
of flie subject, and a lesser deep petrosal nerve of the subject. 

In an embodiment, the stimulator is adapted to configure the stimulation to treat a 
condition of the CNS of the subject. The condition may include one or more of the 
foUowing: 

20 • depression of the subject; 

• lethargy of the subject; 

• a loss of appetite of the subject; 

• multiple sclerosis of the subject; 

• a psychic disturbance of the subject; 
25 • dementia of the subject; 

• a neurodegenerative condition; 

• an infection of the subject; 

• uiflammation of a brain of the subject; 

• a headache of the subject; or 
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• a migraine headache of the subject. 

In an embodiment, the stimulator is adapted to configure the stimulation to treat a 
peripheral condition of the subject The condition may include one or more of the 
following: 

5 • pain in ajoint of the subject; 

• pam in a muscle of the subject; 

• pain caused by an iirfection of the subject; or 

• pain caused by an inflammation of the subject 

Li an embodiment, the stimulator includes an electrical stimulator, adapted to 
10 drive a current into the site, so as to stimulate the site. In an embodiment, the electrical 
stimulator is ad^ted to be implanted in a body of the subject 

In an embodiment, the electrical stimulator includes: 

at least one electrode, adapted to be placed in a viciaily of flie site; and 

a control unit, adapted to drive the electrode to apply the current to tiie site, 

15 In an embodiment, the electrode is adapted to be implanted in the vicinity of the 

site. 

In an embodiment, the site includes a first site and a second site, different fi-om tiie 
first site, and the at least one' electrode includes a first electrode and a second electrode, 
the first electrode adapted t6 be placed in a vicinity of the first site, and the second 
20 electrode adapted to be placed in a vicinity of the second site. In an embodiment, tiie first 
site includes the vidian nerve of the subject, and ttie second site includes the SPG of tiie 
subject, and tiie first electrode is adapted to be placed in a vicinity of the vidian nerve, and 
the second electrode is adapted to be placed m a vicmily of the SPG. 

In an embodhnent, the stimulator mcludes a chemical stimulator device, adapted 
25 to apply a chemical to tiie site, so as to stimulate tiie site. In an embodiment, tiie chemical 
mcludes a neuroexcitatoty agent, and the chemical stimulator device is adapted to apply 
tiie neuroexcitatory agent. In an embodiment, tiie neuroexdtatory agent includes 
acetylcholine, and the chemical stimulator device is adapted to apply the acetylcholine. 
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In an embodiment, the stimulator includes a mechanical stimulator device, adapted 
to apply mechanical stimulation to the site. In an embodiment, the mechanical stimulator 
device is adapted to apply vibration to the site. 

There is also provided, in accordance with an embodiment of the present 
invention, a method for delivering a Non Steroidal Anti-Inflanunatory Drug (NSAID) to 
at least a portion of a central nervous system (O^S) of a subject, including: 

supplying the NSAID to a systemic blood circulation of the subject; 

stimulating at least one site of the subject, the site selected from the list consistmg 
of: a sphenopalatine ganglion of the subject, an anterior ethmoidal nerve of the subject, a 
posterior ethmoidal nerve of the subject, a communicating branch between an anterior 
ethmoidal nerve and a retro-orbital branch of an SPG of the subject, a communicating 
branch between a posterior ethmoidal nerve and a retro-orbital branch of an SPG of the 
subject, a greater palatine nerve of the subject, a lesser palatine nerve of the subject, a 
sphenopalatine nerve of the subject, a communicating branch betwem a maxillary nerve 
and an SPG of the subject, a nasopalatine nerve of the subject, a posterior nasal nerve of 
the subject, an infraorbital nerve of the subject, an otic ganglion of the subject, an afferent 
fiber going into the otic ganglion of the subject, an eflFerent fiber going out of the otic 
ganglion of the subject, a vidian nerve of the subject, a greater superficial petrosal nerve 
of the subject, and a lesser deep petrosal nerve of the subject; and 

configuring the stimulation so as to cause an increase m passage of the NSAID 
from the systemic blood cuculation across a blood brain barrier (BBB) of the subject to 
the portion of the CNS, during at least a portion of the time that the NSAID is present in 
the blood. 

The present invention will be more fully understood from the following detailed 
description of the preferred embodiments thereof, taken together with the drawings, in 
which: 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic pictorial view of a ftiUy implantable stimulator for 
stimulation of an MTS, in accordance with a preferred embodiments of the present 
invention; 
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Fig. 2 is a schematic pictorial view of another stimulator for stimulation of an 
MTS, in accordance with a preferred embodiment of the present invention; 

Fig. 3 is a schematic block diagram illustrating ckcuitry for use with the stimulator 
shown in Fig. 1, in accordance witii a preferred embodiment of the present invention; 

5 Fig. 4 is a schematic block diagram illustrating ckcuitry for use with the stimulator 

shown in Fig. 2, in accordance with a preferred embodiment of the present mvention; 

Figs. 5A and 5B are schematic illustrations depicting different modes of operation 
of stimulators such as those shown in Figs. 1 and 2, in accordance with preferred 
embodiments of the present invention; 

10 Fig. 6 is a schematic illustration of a mode of operation of the stimulators shown 

in Figs. 1 and 2, synchronized with a drug delivery systemi, in accordance with a preferred 
embodiment of the present invention; 

Fig. 7 is a schematic block diagram illustrating circuitry for use with the stimulator 
shown in Fig. 1, where the stimulator is driven by an external controller and energy 
15 source usmg a modulator and a demodulator, ui accordance with a preferred embodiment 
of the present invention; 

Fig. 8 depicts sample modulator and demodulator functions for use with the 
circuitry of Fig. 7, in accordance with a preferred embodiment of the present mvention; 

Figs. 9, lOA, and lOB are schematic diagrams illustrating further circuitry for use 
20 with implantable stimulators, in accordance with respective preferred embodiments of the 
present invention; 

Figs. 1 1 and 12 are bar graphs showing experimental data collected in accordance 
with a preferred embodiment of the present invention; 

Fig. 13 is a schematic illustration of a sensor for application to a blood vessel, in 
25 accordance with a preferred embodiment of the present invention; and 

Fig. 14 is a schematic sectional illustration of a nasal inhaler, for use in presenting 
an odorant to a subject, in accordance with a preferred embodiment of the present 
invention. 
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DETAILED DESCRBPTION OF THE INVENTION 
Fig. 1 is a schematic pictorial view of a fully-implantable stimulator 4, for 
stimulation of a "modulation target site" (MTS). as defined hereinbelow, such as a 
sphenopalatine ganglion (SPG) 6. in accordance with a preferred embodiments of the 
5 preswit invention. In Fig. 1, a human nasal cavity 2 is shown, and stimulator 4 is 
implanted between the hard palate and the mucoperiosteum (not shown) of the roof of the 
mouth. Branches of parasympathetic neurons commg from SPG 6 extend to the middle 
cerebral and anterior cerebral arteries (not shown). Preferably, one or more relatively 
short electrodes 7 extend from stimulator 4 to contact or to be in a vicinity of an MTS, 
10 such as SPG 6. 



of: 



In the present patent application and the claims, a "modulation target site" consists 

• a sphenopalatine gangUon (SPG) (also caUed a pterygopalatine 
ganglion); 

15 • an anterior ethmoidal narve; 

• a posterior ethmoidal nerve; 

• a communicating branch between the anterior ethmoidal nerve and the 
SPG (retro orbital branch); 

• a communicating branch between the posterior etihmoidal nerve and 
20 the SPG (retro orbital branch) 

• a nerve of the pterygoid canal (also caUed a vidian nerve), such as a 
greater siqjerficial petrosal nerve (a preganglionic parasympathetic 
nerve) or a lesser deep petrosal nerve (a postgangUonic sympathetic 
nerve); 

25 • a greater palatine nerve; 

• a lesser palatine nerve; 

• a sphenopalatiae nerve; 

• a communicating branch between the maxiUary nerve and the 
sphenopalatine ganglion; 
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• a nasopalatine nerve; 

• a posterior nasal nerve; 

• an infiaorbital nerve; 

• an otic ganglion; 

• an afferent fiber going into the otic ganglion; or 

• an efferent fiber going out of the otic ganglion- 
For some appUcations, stimulator 4 is implanted on top of the bony palate, in the 

bottom of the nasal cavity. Alternatively or additionaUy, the stimulator is implanted at the 
lower side of the bony palate, at the top of the oral cavity. In this instance, one or more 
flexible electrodes 7 originating in the stimulator are passed through the palatine bone or 
posterior to die soft palate, so as to be in a position to stimulate the SPG or another MTS 
Further alternatively or additionally, the stimulator may be directly attached to the SPG 
and/or to anotiier MTS. 

For some applications, stimulator 4 is deUvered to a desired point within nasal 
cavity 2 by removably attaching stimulator 4 to the distal end of a rigid or slightiy flexible 
introducer rod (not shown) and inserting the rod into one of the patient's nasal passages 
until die stimulator is properly positioned. As appropriate, die placement process may be 
faciUtated by fluoroscopy, x-iay guidance, fine endoscopic surgery (FES) techniques or 
by any other effective guidance method known in. the art. or by combinations of the 
aforementioned. Preferably, the ambient temperature and/or cerebral blood flow is 
measured concurrently witii insertion. The cerebral blood flow may be measured with, for 
example, a laser Doppler unit positioned at the patient's forehead or transcranial Doppler 
measurements. Verification of proper implantation of the electrodes onto the J^ropriate 
neural structure may be performed by activating the device, and generally simultaneously 
25 monitoring cerebral blood flow. 

The passage of certain molecules &om cerebral blood vessels into die brain is 
hindered by the BBB. The endotheUmn of the capillaries, die plasma membrane of the 
blood vessels, and the foot processes of the astrocytes all impede uptake by die bmin of 
the molecules. The BBB generaUy aUows only smaU molecules (e.g.. hydrophilic 
molecules of molecular weight less flian about 200 Da, and lipophilic molecules of less 
dian about 500 Da) to pass fix)m die circulation into die brain. 
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In accordance with a prefeired embodiment of the present invention, 
parasympathetic activation induced by current from stimulator 4 overcomes the resistance 
to trans-BBB molecular movement generated by the endotheUum of the cerebral 
capillaries and the plasma membrane. For some applications, therefore, stimulator 4 may 
be used to transiently remove a substantial obstacle to the passage of drugs from the blood 
to the brain. For example, the stimulator may cycHcally apply current for about two 
minutes, and subsequently have arest period of between about 1 and 20 minutes. 

It is hypothesized that two neurotransmitters play an important role in this change 
in properties of the BBB - vasoactive intestinal polypeptide (VP) and mtric oxide (NO). 
(Acetylcholine may also be involved) VIP is a short peptide, and NO is a gaseous 
molecule. VIP is beHeved to be a major fector in fadHtating plasma protein extravasation 
(PPE), while NO is responsible for vasodilation. For some applications, stimulator 4 k 
adapted to vary parameters of the current appUed to an MTS, as appropriate, in order to 
selectively mfluence the activity of one or both of these neurotransmitters. For example, 
stimulation of the parasympathetic nerve at different frequencies can induce differential 
secretion - low frequencies cause secretion of NO, while high frequencies (e.g., above 
about 10 Hz) cause secretion of peptides (VIP). 

For other appUcations, a constant level DC signal, or a slowly varying voltage 
lamp is applied, in order to block parasympathetic neural activity in affected tissue. 
Alternatively, similar results can be obtained by stimulating at a rate higher than about 10 
Hz, because this tends to exhaust neurotransmitters. Thus, stimulator 4 may be 
configured to induce parasympathetic electrical block, in order to cause vasoconstriction 
by mimicking the overall effect of chemical block on the SPG. This vasoconstrictive 
effect may be used, for example, to controUably prevent or reverse the formation of 
25 migraine headaches. 

Fig. 2 is a schematic iUustration of a stimulator control unit 8 positioned external 
to a patient's body, in accordance with a preferred embodiment of the present invention. 
At least one flexible electrode 10 preferably extends from control unit 8, through a nostril 
12 of the patient, and to a position within the nasal cavity 14 that is adjacent to SPG 6. 

It is to be understood that electrodes 7 (Fig. 1) and 10 may each comprise one or 
more electrodes, e.g., two electrodes, or an array of microelectrodes. For applications in 
which stimulator 4 comprises a metal housing that can function as an electrode, then 
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typically one electrode 7 is used, operating in a monopolar mode. Regardless of the total 
number of electrodes in use, typically only a single or a double electrode extends to SPG 
6. Other electrodes 7 or 10 or a metal housing of stimulator 4 are preferably temporarily 
or permanently implanted in contact with other parts of nasal cavity 2. 

Each of electrodes 7 and/or 10 preferably comprises a suitable conductive 
material, for example, a physiologically-acceptable material such as silver, iridium, 
platinum, a platinum iridimn alloy, titanium, nitinol. or a nickel-chrome aUoy. For some 
^pUcations, one or more of the electrodes have lengths ranging from about 1 to 5 mm, 
and diameters ranging from about 50 to 100 microns. Each electrode is preferably 
insulated with a physiologically-acceptable material such as polyethylene, polyurethane, . 
or a co-polymar of either of these. The electrodes are prefembly spiral m shape, for betted 
contact, and may have a hook shaped distal end for hooking mto or near the SPG. 
Alternatively or additionally, the electrodes may comprise sunple wire electrodes, spring- 
loaded "crocodile" electrodes, or adhesive probes, as ^propriate. 

In a preferred embodiment of the invention, each one of electrodes 7 and/or 10 
comprises a substantiaUy smooth sun&ce, except tiiat tiie distal end of each such electrode 
is configured or treated to have a large surfece area. For example, the distal tip may be 
porous platinized. Alternatively or additionally, at least the tip of electrode 7 or 10, and/or 
a metal housmg of stimulator 4 mcludes a coating comprismg an anti-inflammato^ drug, 
such as beclomethasone sodium phosphate or beclomethasone phosphate. Alternatively,' . 
such an anti-inflammatory drag is injected or otherwise applied. 

Fig. 3 is a schematic block diagram iUustrating circuity comprising an implanted 
unit 20 and an external unit 30, for use with stimulator 4 (Fig. 1), m accordance witii a 
preferred embodiment of the present mvention. hnplanted unit 20 preferably comprises a 
feedback block 22 and one or more sensmg or signal application electrodes 24. Implanted 
unit 20 typically also comprises an electromagnetic coupler 26, which receives power 
and/or sends or receives data signals to or from an electromagnetic coiqjler 28 m external 
unit 30. 

External unit 30 preferably comprises a microprocessor 32 which receives an 
external contx,! signal 34 (e.g., from a physician or from tiie patient), and a feedback 
signal 36 from feedback block 22. Contirol signal 34 may include, for example, 
operational parameters such as a schedule of operation, patient parameters such as the 
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patient's weight, or signal parameters, such as desired frequencies or amplitudes of a 
signal to be appUed to an MTS. If appropriate, control signal 34 can coirprise an 
emergency override signal, entered by the patient or a healthcare provider to tenninate 
stimulation or to modify it in accordance with a predetemuned program. Microprocessor 
5 32, in turn, preferably processes control signal 34 and feedback signal 36 so as to 
determine one or more parameters of the electric current to be appUed through electrodes 
24. Responsive to this determination, microprocessor 32 typically generates an 
electromagnetic control signal 42 that is conveyed by electromagnetic coupler 28 to 
electromagnetic coi5)ler 26. Control signal 42 preferably corresponds to a desired current 
10 or voltage to be appUed by electrodes 24 to an MTS, such as SPG 6, and, in a preferred 
embodiment, inductively drives the electrodes. The configuration of coiq)lers 26 and 28 
and/or other circuitry in units 20 or 30 may determine the intensity, frequency, shape, 
monophasic or Wphasic mode, or DC offeet of the signal (e.g., a series of pulses) applied 
to designated tissue. 

15 Power for microprocessor 32 is typicaUy suppHed by a battery 44 or, optionally, 

another DC power supply. Grounding is provided by battery 44 or a separate ground 46. 
If appropriate, microprocessor 32 generates a display signal 38 that drives a display block 
40 of external unit 30. Typically, but not necessarily, the display is activated to show 
feedback data generated by feedback block 22. or to provide a user intetfece for the 

20 external unit 

Implanted unit 20 is preferably packaged in a case made of titanium, platinum or 
an epoxy or other suitable biocompatible material. Should the case be made of metal, then 
the case may serve as a ground electrode and, therefore, stimulation typicaUy is performed 
in a monopolar mode. Alternatively, should the case be made of biocompatible plastic 
25 material, two electrodes 24 are typically driven to apply current to the MTS. 

For some applications, the waveform ^pUed by one or more of electrodes 24 to 
designated tissue of an MTS (e.g., the SPG) comprises a waveform with an exponential 
decay, a ramp up or down, a square wave, a sinusoid, a saw tooth, a DC component, or 
any other shape known in the art to be suitable for appKcation to tissue. Alternatively or 
additionaUy, the waveform comprises one or more bursts of short shaped or square pulses 
- each pulse preferably less than about 1 ms in duration. GeneraUy, appropriate 
waveforms and parameters thereof are determined during an initial test period of external 
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unit 30 and implanted unit 20. For some applications, the waveform is dynamically 
updated according to measured physiological parameters, measured during a period in 
which unit 20 is stimulating an MTS, and/or during a non-activation (i.e., standby) period. 

Jn tiie case of migraine treatment, the waveform may take the fonn of a slowly 
varying shape, such as a slow saw tooth, or a constant DC level, intended to block 
outgoing parasympathetic messaging. 

Fig. 4 is a schematic block diagram of circuitry for use, for example, in 
conjunction with control unit 8 (Fig. 2), in accordance with a preferred embodiment of the 
present invention. An external unit 50 comprises a microprocessor 52 suppUed by a 
battery 54 or another DC power source. Grounding may be provided by battery 54 or by a 
separate ground 56. Microprocessor 52 preferably receives control and feedback signals 
58 and 68 (analogous to signal 34 and 36 described heremabove), and generates 
responsive thereto a stimulation signal 64 conveyed by one or more electrodes 66 to an 
MTS or other tissue. TypicaUy, but not necessarily, f^dback signal 68 comprises 
15 electrical feedback measured by one or more of electrodes 66 and/or feedback from other 
sensors on or in 4e patient's brain or elsewhere coupled to &e patient's body. If 
appropriate, microprocessor 52 generates a display signal 60 which drives a displ^ block 
62 to output relevant data to the patient or the patienf s plq^cian. l^icaUy. some or aU 
of electrodes 66 are temporarily unplanted in the patient (e.g., foUowing a stroke), and are 
20 directly driven by wires connectingthe external unit to the implanted unit 

Fig. 5A is a gr^h schematicaUy illustrating a mode of operation of one or more of 
the devices shown in Figs. 1-4, in accordance with a preferred embodiment of the present 
invention. Preferably, the effect of the applied stimulation is monitored by means of a 
temperature transducer at an MTS (e.g., the SPG) or elsewhere in the head, e.g., in the 
nasal cavity. As shown in Fig. 5A for a step (ON/OFF) mode of stimulation, stimulation 
of an MTS or related tissue is initiated at a time Tl , and this is reflected by a measurable 
rise in temperature (due to increased blood flow). Once the temperature rises to a 
predetermined or djoiamically-varying threshold (e.g., 37 OQ, stimulation is terminated 
(time T2), responsive to which the temperature faUs. As appropriate, when the 
temperature drops to a designated or dynamically-determined point, the stimulation is 
reinitiated (time T3). Preferably, suitable temperatures or other physiological parameters 
are determined for each patient so as to provide tiie optimal treatinent. If appropriate. 
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control instructions may also be received from the patient, e.g., to initiate stimulation 
upon the onset of a migraine headache. 

Fig. 5B is a graph schematically illustrating a mode of opmtion of one or more of 
the devices shown in Figs. 1-4, in accordance with another preferred embodiment of flie 
present invention. In this embodiment, tiie amplitude of the waveform applied to an MTS 
is varied among a continuous set of yalu^ (SI), or a discrete set of values (S2), 
responsive to the measured temperature, in order to achieve the desired performance. It 
will be ^predated that other feedback parameters measured in the head (e.g., intraocular 
pressure, mtracranial pressure and/or cerebral blood flow), as well as measured systemic 
parameters (e.g., heart rate) and subjective patient inputs (e.g., migraine pain = 3/5) may 
be used in conjunction with or separately from temperature measurements, in order to 
achieve generally optimal performance of the implanted apparatus. 

Fig. 6 is a graph schematically illustrating a mode of operation of one or more of 
the devices shown in Figs. 1-4, in accordance with a preferred embodimrait of the present 
mvention. In this embodiment, a drug is administered to the patient at a constant rate, 
e.g., intravenously, prior to the initiation of .chemical, mechanical, electrical and/or 
odorant stimulation of an MTS at time Tl. Advantageously, this prior generation of 
heightened concentrations of the drug in the blood tends to provide relatively rapid 
transfer of the drug across the BBB and into the brain, without unnecessarily prolonging 
the enhanced penneability of the BBB while waiting for the blood concentration of the 
drug to reach an appropriate level. Alternatively, for some applications it is desnable to 
give a single injection of a bolus of the drug shortly before or after initiation of 
stimulation of an MTS. Typically, combined administration and stimulation schedules are 
detemiined by tiie patient's physician based on tiie biochemical properties of each drug 
targeted at the brain. 

Fig. 7 is a schematic block diagram showing circuitry for parasympathetic 
stimulation, which is particularly usefiil in combination with the embodiment shown in 
Fig. 1, in accordance with a preferred embodiment of flie present invention. An external 
unit 80 preferably comprises a microprocessor 82 that is powered by a battery 84 and/or 
an AC power source. Microprocessor 82 is grounded tiurough battery 84 or throu^ aa 
optional ground 86. 
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In a typical mode of operation, an external control signal 88 is input to 
microprocessor 82, along with a feedback signal 108 from one or more biosensors 106. 
which are typicaUy disposed in a vicinity of an implanted unit 100 or elsewhere on or in 
the patient's body. Responsive to signals 88 and 108, microprocessor 82 preferably 

5 generates a display signal 89 vi*ich drives a display 90, as described hereinabove. In 
addition, microprocessor 82 preferably processes external control signal 88 and feedback 
signal 108, to determine parameters of an output signal 92, which is modulated by a 
modulator 94. The output therefrom preferably drives a current through an 
electromagnetic coupler 96, which inductively drives an electromagnetic coupler 98 of 
10 implanted unit 100. A demodulator 102, coupled to electromagnetic coupler 98, in turn, 
generates a signal 103 which drives at least one electrode 104 to apply current to an MTS 
or to odier tissue, as appropriate. 

Preferably, biosensor 106 comprises implantable or external medical ^aratus 
including, for example, one or more of the following: 

15 • a blood flow sensor, 

• a temperature sensor, 

• achranical sensor, 

• an ultrasound sensor, 

• transcranial Doppler(TCD) apparatus, 
20 • laser-Doppler ^paratus, 

• a systemic or intracranial blood pressure sensor (e.g., comprising a 
piezoelectric crystal or capacitive sensor fixed to a major cerebral blood 
vessel, capable of detecting a sudden blood pressure increase indicative of 
a clot), 

25 .an intraocular pressure sensor, e.g., comprising a piezoelectric crystal or 
capacitive sensor coupled to the nasal (medial) wall of the orbit, or at 
another site suitable for measuring intraocular pressure, 

• a tissue vitality sensor, e.g., comprising laser Doppler or other optical 
^paratus for detecting a NAD/NADH ratio in tissue. 
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• a kinetics sensor, comprising, for example, an acceleration, velocity, or 
level sensor (e.g., a mercury switch), for indicating body dispositions such 
as a sudden change in body attitude (as in coll^sing), 

• an electroencephalographic (EEG) sensor comprising EEG electrodes 
5 attached to, or implanted in, the patients head, for indicating changes in 

neurological patterns, such as symptoms of stroke or migraine, 

• a blood vessel clot detector (e.g., as described hereinbelow with reference 
to Fig. 13), or 

• other monitors of physiological quantities suitable for carrying out the 
1 0 objects of this or otiier embodiments of the present invention. 

Fig. 8 is a schematic illustration showing operational modes of modulator 94 
and/or demodulator 102, in accordance with a preferred embodiment of the present 
invention. The amplitude and frequency of signal 92 in Fig. 7 can have certain values, as 
represented in the left graph; however, the amphtude and frequency are modulated so that 
1 5 signal 1 03 has different characteristics. 

Fig. 9 is a schematic illustration of further apparatus for stimulation of an MTS, in 
accordance with a preferred embodiment of the present invention. In this embodiment, 
substantially all of the processing and signal generation is performed by circuitry in an 
implanted unit 1 10 m the patient, and, preferably, communication with a controller 122 in 

20 an external unit 1 1 1 is performed only intermittently. The implanted unit 1 10 preferably 
comprises a microprocessor 1 12 coupled to a battery 1 14. Microprocessor 1 12 generates a 
signal 116 that travels along at least one electrode 118 to stimulate the MTS. A feedback 
signal 120 from a biosensor (not shown) and/or fix>m electrode 118 is received by 
microprocessor 11-2, which is adapted to modify stimulation parameters responsive 

25 thereto. Preferably, microprocessor 112 and controller 122 are operative to communicate 
via vmeless couplers 126 and 124 (e.g., electromagnetic couplers), in order to exchange 
data or to change parameters. Further preferably, battery 1 14 is wirelessly rechargeable 
(e.g., inductively rechargeable by electromagnetic coupling). 

Fig. 1 OA is a schematic illxistration of a stimulator 150, in accordance with a 
30 preferred embodiment of the present mvention. Preferably, substantially all of the 
electronic components (including an electronic circuit 158 havmg a rechargeable energy 
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source) are encapsulated in a biocompatible metal case 154. An inductive coil 156 and at 
least one electrode 162 are preferably coiqaled to circuit 158 by means of a feed-through 
coupling 160. The inductive coil is preferably isolated by an epoxy coating 152, which 
allows for higher efficieaicy of the electromagnetic coupling. 

Fig. lOB is a schematic illustration of another configuration of an implantable 
stimulator, in accordance with a preferred embodiment of the present invention. 
Preferably, substantiaUy all of the electronic componente (including an inductive coil 176 
and an electronic circuit 178 having a rechargeable energy source) are encapsulated in a 
biocompatible metal case 174. One or more feed-throughs are preferably provided to 
enable coupling between at least one electrode 182 and the electronic circuit, as weU as 
between inductive coU 176 and another inductive coil (not shown) in communication 
therewith. 

With reference to Figs. lOA and lOB, the energy source for electronic circuits 158 
and 178 may comprise, for example, a primary battery, a rechargeable battery, or a super 
15 capacitor. For applications in which a rechargeable battery or a super capacitor is used, 
any kind of energizing means may be used to charge the energy source, such as (but not 
limited to) standard means for inductive chargmg or a miniature electromechanical energy 
converter that converts the kinetics of the patient movement into electrical charge. 
AllBmatively, an external Ught source (e.g., a simple LED, a laser diode, or any other light 
source) may be .directed k a photovoltaic ceU in the electronic circuit. Further 
alternatively, ultrasound energy is directed onto the implanted unit, and transduced to 
drive battery charging means. 

Figs. 11 and 12 are bar graphs showing experimental results obtained during rat 
experiments performed in accordance with a preferred embodiment of the present 
invention. A common technique in monitoring bio-distribution of materials in a system 
includes monitoring the presence and level of radio-labeled tracers. These tracers are 
unstable isotopes of common elements (e.g., Tc. In, Cr. Ga, and Gd), conjugated to target 
materials. The chemical properties of the tracer are used as a predictor for the behavior of 
other materials with similar physiochemical properties, and are selected based on the 
particular biological mechanisms that are being evaluated. Typically, a patient or 
experimental animal is placed on a Gamma camera, or target tissue samples can be 
harvested and placed separately into a weU counter. For the purpose of the present set of 
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experiments which were performed, the weU counter method was chosen due to its hi^er 
sensitivity and spatial resolution- A series of ejqjeriments using 99Tc-DTPA (DTPA 
molecule conjugated to a 99-Technetium isotope) were perfonned. The molecular weight 
of 99TC-DTPA is 458 Da, its UpophiKcity is negative, and its electric charge is +i: These 
parameters are quite similar with pharmacological agents used in standard chemother^y, 
such as tamoxifen, etoposide and irinotecan. 

Figs. 11 arid 12 show results obtained usiog 99Tc-DTPA penetration assays using 
ordinary hrain sampling techniques (Fig. 11) and peeled brain techniques (Fig. 12). The 
X-axis- of each graph represents different experimental runs, and the y-axis of each graph 
is defined as: [(hemisphere radioactivity) / (hemisphere weight)] / [(total injected 
radioactivity) / (total animal weight)]. The results obtained demonstrate an average 2.5- 
fold mcrease in the penetration of 99Tc-DTPA to the rat brain. It is noted that these 
results were obtained by unilateral stimulation of the SPG. The inventors believe that 
bilateral SPG stimulation will approximately double drug penetration, relative to 
15 unilateral SPG stimulatioiL 

In both Fig. 11 and Fig. 12, some animals were designated as control animals, and 
other animals were designated as test animals. In each groiq), the left and right 
hemispheres were tested separately, and the height of each bar represents, for a given 
animal and a given hemisphere, the normalized level of radioactivity as defined above. 
Thus, Fig. 11 shows results ftom a total of four test hemispheres and four, control 
hemispheres. Fig. 12 shows results fi-om six test hemispheres and fourteen control 
hemispheres. The juxt^sition of control and test bars in the bar graphs is not meant to 
imply pauing of control and test hemispheres. 

Fig. 13 is a schematic illustration of acoustic or optica] clot detection apparatus 
202, for use, for example, in providing feedback to any of the microprocessors or other 
circuitry described hereinabove, in accordance with a preferred embodiment of the present 
invention. The detection is prefwably performed by coupling to a major blood vessel 200 
(e.g., the internal carotid artery or aorta) a detectmg element comprising an acoustic or 
optical transmitter/receiver 206, and an optional reflecting surface 204. Natural 
30 physiological Uquids may serve as a mediating fluid between the device and the vessel. 
Preferably, the transmitter/receiver generates an ultrasound signal or electromagnetic 
signal which is reflected and retumed, and a processor evaluates changes in the returned 
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signal to detect indications of a newly-present clot. Alternatively, a transmitter is placed 
on side of the vessel and a receiver is placed on the other side of the vessel. In either case, 
for some applications, more than one such apparatus 202 are placed on the vessel, in order 
to improve the probability of successful clot detection for possible estimation of the clot* s 
direction of motion within the vessel, and to lower the false alarm (i.e. false detection) 
rate. 

a preferred embodiment of Ac present invention, an odorant is presented to an 
air passage of a patient, such as a nasal cavity or the throat, so as to increase BBB 
permeability so as to enhance delivery of an NSADD. 

Fig. 14 is a schematic sectional illustration of a nasal inhaler 300, for use in 
presenting an odorant to a subject, in accordance with a preferred embodiment of the 
laesent invention. Nasal inhaler 300 preferably comprises an apparatus known in the art, 
such as an aqueous spr^ nasal inhaler, a metered dose nasal inhaler, or an air-dilution 
olfactometCT. The odorant is stored in an odorant-storage vessel 302, and is delivered to a 
15 nasal passage using an odorant-delivery element 304, such as a nasal piece. Alternatively 
or additionally, the odorant is presented by means of an orally-dissolvable capsule that 
releases the active odorants upon contact with saKvaiy liquids. The odorants reach the 
^ropriate neural structures and induce vasodilatation, vasoconstriction and/or 
cerebrovascular permeability changes. Delivery of an NSAID to the CNS or the eye can 
be achieved by mbcing the NSAID with the odorant; by intravenously, intraperitoneally, 
or intramuscularly administering the NSAID while the odorant is having an effect, or 
therebefore; or by other delivery methods known in the art. 

In a preferred embodiment of the present invention, stimulation of the MTS is 
achieved by applying a neuroexcitatory agent to the MTS. Suitable neuroexcitatory 
agents include, but are not limited to acetylcholine and urocholine. For some 
applications, the MTS is stimulated by applying a neuroinhibitory agent, such as atropine, 
hexamethonium, or a local anesthetic (e.g., lidocaine). 

Li a preferred embodiment of the present invention, stimulation of the MTS is 
achieved by applying mechanical stimulation to the MTS, e.g., vibration. 

It is believed that substantially all pharmacological treatments aimed at cerebral 
ceUs (for example those used for treating neurological and psychiatric disorders and 
pathologies) are amenable for use in combination with techniques described herein, 
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including electrical SPG system modulation and odorant presentation techniques. In 
particular, these embodiments of the present invention may be adapted for use in 
facilitating the administration of Non Steroidal Anti-Inflammatory Drugs (NSAIDs) to the 
CNS, including the brain and the spinal cord, or to the eye or ear. 

5 These techniques fecilitate the delivery of essentially all NSAIDs to the CNS, 

including, but not limited to, the foUowing NSAIDs: 

• aspirin and other salicylates (e.g., magnesiimi salicylate) 

• Ibuprofen 

• naproxen 

10 • fenbufen . . 

• fenoprofen 

• flurbiprofen 

• ketoprofen 

• tiaprofenic acid 
15 • azapropazone 

• diclofenac 

• misoprostol 

• dexketoprofen 

• meloxicam 
20 • diflunisal 

• etodolac 

• indomethacin 

• mefenamic acid 

• nabumetone 

25 • phenylbutazone 

• phroxicam 
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• tenoxicam 

• aceclofenac 

• acematacin 

5 • choline subsalicylate 

• meclofenamate 

• salsalate 

• tolmetin 

• selective NSAIDs, such as COX-2 inhibitors (e.g., celecoxib, 
rofecoxib) 

• Ketorolac 

• Oxaprozin 

These techniques feciUtate the delivery of NSAIDs to the CNS to ireat (a) 
conditions of the CNS, including neurodegenerative and inflammatory conditions, and (b) 
peripheral conditions, including mflammatoiy conditions. Examples of conditions of the 
CNS that typically benefit firom these techniques include inflammation of the brain; 
headaches, including migraines; neurodegenerative diseases; Alzheimer's disease; 
depression; lethargy; loss of appetite; multiple sclerosis; psychic disturbances (e,g., 
AIDS-related psychic disturbances); dementia (of known or unknown cause); and viral 
and bacterial infections. Examples of peripheral conditions that typically benefit fi-om 
these techniques mclude muscle and joint pain, often caused by mflammation and/or 
infection. For some applications, these techniques are effective in treating peripheral 
conditions by means of mechanisms described in the above-cited article to Samad TA et 
al., or my means of otiier mechanisms. 

In some embodiments of the present invention, techniques described herein are 
practiced in combination with techniques described in one or more of the above-cited co- 
assigned patent applications: (i) US Provisional Patent Application 60/426,180, filed 
November 14, 2002, entitled, "Surgical tools and techniques for stimulation," (ii) US 
Provisional Patent AppUcation 60/426,182, filed November 14, 2002, entitled, 
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"Stimulation circuitry and control of electronic medical device," (iii) US Patent 
Application 10/294,310, filed November 14, 2002, entitled, "Stimulation for treating eye 
pathologies," which published as US Patent Application Publication 2003/0176898, and 
(iv) US Provisional Patent Application 60/426,181, filed November 14, 2002, entitied, 
"Stimulation for treating ear pathologies." All of these applications are incorporated 
herein by reference. Altematively or additionally, techniques described herein are 
practiced in combination with techniques described in one or more of the references cited 
in the Background section hereinabove. 

It will be appreciated by persons skilled in the art that the present invention is not 
limited to what has been particularly shown and described hereinabove. Rather, the scope 
of the present mvention includes both combinations and subcombinations of the various 
features described hereinabove, as well as variations and modifications thereof that are 
not in the prior art, which would occur to persons skilled in the art iqwn reading the 
foregomg description. For example, elements which are shown in a figure to be housed 
within one integral unit may, for some applications, be disposed in a plurality of distinct 
units. Sknilarly, apparatus for communication and power transmission which are shown 
to be coupled in a wireless fashion may be, altematively, coupled in a wired fashion, and 
apparatus for communication and power transmission which are shown to be coupled in a 
wired fashion may be, altematively, coupled in a wireless feshion. 
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CLAIMS 

1. Appaiatus for delivering a Non Steroidal Anti-Inflammatory Drug (NSAID) 
supplied to a body of a subject for delivery to at least a portion of a central nervous 
system (CNS) of the subject via a systemic blood circulation of the subject, comprising a 
5 stimulator adapted to stimulate at least one site of the subject, so as to cause an increase in 
passage of the NSAID firom the systemic blood circulation across a blood brain barrier 
(BBB) of the subject to the portion of the CNS, during at least a portion of the tune that 
the NSAID is present in the blood, the site selected from the list consisting of: a 
sphenopalatine ganglion (SPG) of the subject, an anterior ethmoidal nerve of the subject, 

10 a posterior ethmoidal nerve of the subject, a coromunicatuig branch between an anterior 
ethmoidal nerve and a retro-orbital branch of an SPG of the subject, a communicating 
branch between a posterior ethmoidal nerve and a retro-orbital branch of an SPG of the 
subject, a greater palatine nerve of the subject, a lesser palatine nerve of the subject, a 
sphenopalatine nerve of the subject, a communicating branch between a maxillary nerve 

15 and an SPG of the subject, a nasopalatine nerve of the subject, a posterior nasal nerve of 
the subject, an infraorbital nerve of the subject, an otic ganglion of tiie subject, an afferent 
fiber going into the otic ganglion of the subject, an efferent fiber going out of the otic 
ganglion of the subject, a vidian nerve of the subject, a greater superficial petrosal nerve 
of the subject, and a lesser deep petrosal nerve of the subject. 

20 2. Apparatus according to claim 1, wherein the site includes the SPG of the subject, 
and wherein the stimulator is adapted to stimulate the SPG, so as to cause the increase in 
passage of the NSAID. 

3. Apparatus according to claim 1, wherein the site includes the anterior ethmoidal 
nerve of the subject, and wherein the stimulator is adapted to stimulate the anterior 

25 ethmoidal nerve, so as to cause the increase in passage of the NSAID. 

4. Apparatus according to claun 1, wherem the site includes the posterior ethmoidal 
nerve of the subject, and wherein the stimulator is adapted to stimulate the posterior 
ethmoidal nerve, so as to cause the increase in passage of the NSAID. 

5. Apparatus according to claim 1, wherein the site includes the communicating 
30 branch between the anterior ethmoidal nerve and the retro-orbital branch of the SPG of 
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the subject, and wherein the stimulator is adapted to stimulate the communicating branch, 
so as to cause the increase in passage of the NSAED. 

6. Apparatus according to claim 1, wherein the site includes the communicating 
branch between the posterior ethmoidal nerve and the retro-orbital branch of the SPG of 

5 the subject, and wherein the stimulator is adapted to stimulate the conmrunicating branch, 
so as to cause the increase in passage of the NSAID. 

7. Apparatus according to claim 1, wherein the site includes the greater palatine 
nerve of the subject, and wherein the stimulator is adapted to stimulate the greater palatine 
nerve, so as to cause the increase in passage of the NSAID. 

10 8. Apparatus according to claim ^1 , wherein the site includes the lesser palatine nerve 
of the subject, and vs^erem the stimulator is adapted to stimulate the lesser palatine nerve, 
so as to cause the increase in passage of the NSAID. 

9. Apparatus according to claim 1 , wherein the site includes the sphenopalatine nerve 
of the subject, and wherein the stimulator is adapted to stimulate the sphenopalatine 

15 nerve, so as to cause the increase in passage of the NSAID. 

10. Apparatus according to claim 1, wherein the site includes the communicating 
branch between die maxillary nerve and the SPG of the subject, and wherein the 
stimulator is adapted to stimulate the communicating branch, so as to cause the increase in 
passage of the NSAID. 

20 11. Apparatus according to claim 1, wherein the site includes the nasopalatine nerve 
of the subject, and wherein the stimulator is adapted to stimulate the nasopalatine nerve, 
so as to cause the increase in passage of the NSAID. 

12. Apparatus according to claim 1, wherein the site includes the posterior nasal nerve 
of tile subject, and wherein the stimulator is adapted to stimulate the posterior nasal nerve, 

25 so as to cause the increase in passage of the NSAID. 

13. Apparatus according to claim 1, wherein flie site includes the infraorbital nerve of 
the subject, and wherein the stimulator is adapted to stimulate the infraorbital nerve, so as 
to cause the increase in passage of the NSAID. 

14. Apparatus according to claim 1, wherein the site includes the otic ganglion of the 
30 subject, and wherein the stimulator is adapted to stimulate the otic ganglion, so as to cause 

the increase in passage of the NSAID. 
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15. Apparatus according to claim L wherein the site includes the afferent fiber going 
into the otic ganglion of the subject, and wherein the stimulator is adapted to stimulate the 
afferent fiber, so as to cause the increase in passage of the NSABD. 

16. Apparatus according to claim 1, wherein the site includes the efferent fiber going 
5 out of the otic ganglion of the subject, and wherein the stimulator is adapted to stimulate 

the efferent fiber, so as to cause the increase in passage of the NSAID. 

17. Apparatus according to any one of claims 1-16, wherein the stimulator is adapted 
to configure the stimulation to treat a condition of the CNS of the subject. 

18. Apparatus according to claim 17, wherein Ihe condition of the CNS includes 
10 depression of the subject, and v^erein the stimulator is adapted to configure the 

stimulation to treat- the depression. 

19. Apparatus according to claim 17, wherein the condition of the CNS includes 
lethargy of the subject, and wherein the stimulator is adapted to configure the stimulation 
to treat the lethargy. 

15 20. Apparatus according to claim 17, \^ereia the condition of the CNS includes a loss 
of appetite of the subject, and wherein the stimulator is adapted to configure the 
stimulation to treat the loss of appetite. 

21. Apparatus according to claim 17, wherein the condition of the CNS includes 
multiple sclerosis of the subject, and wherein the stimiilator is adapted to configure the 

20 stimulation to treat the multiple sclerosis. 

22. Apparatus according to claim 17, wherein the condition of the" CNS iucludes a 
psychic disturbance of the subject, and wherein the stimulator is adapted to configure the 
stimulation to treat the psychic disturbance. 

23. Apparatus according to claim 17, wherem the condition of the CNS includes 
25 dementia of the subject, and wherein the stimulator is adapted to configure the stimulation 

to treat the dementia. 

24. Apparatus according to claim 17, wherein the condition of the CNS includes a 
neurodegenerative condition of the subject, and wherein the stimulator is adapted to 
configure the stimulation to treat the neurodegenerative condition. 
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25. Apparatus according to claim 17, wherein the condition of the CNS includes an 
infection of the subject, and wherein the stimulator is adapted to configure the stimulation 
to treat the infection. 

26. Apparatus according to claim 17, v^erein the condition of the CNS includes 
5 inflammation of a brain of tbe subject, and wherein the stimulator is adapted to configure 

the stimulation to treat the inflammation. 

27. Apparatus according to claim 17, wherein the condition of the CNS includes a 
headache of the subject, and wherein the stimulator is adapted to configure the stimulation 
to treat the headache. 

10 28. Apparatus according to claim 27, vs^erein the condition of the CNS includes a 
migraine headache of the subject, and wherein the sthnulator is adapted to configure the 
stimulation to treat the migrame headache. 

29. Apparatus according to any one of claims 1-16, wherein the stimulator is adapted 
to configure the stimulation to treat a peripheral condition of the subject. 

15 30. Apparatus according to claim 29, vs*erem the peripheral condition includes pain in 
a joint of the subject, and wherein the sthnulator is adapted to configure ihe stimulation to 
treat the joint pain. 

3 1 . Apparatus accordmg to claim 29, wherein the peripheral condition includes pain in 
a muscle of the subject, and wherein the sthnulator is adapted to configure the stunulation 

20 to treat the muscle pain. 

32. Apparatus according to claim 29, wherein the peripheral condition includes pain 
caused by an infection of the subject, and wherem Ihe sthnulator is adapted to configure 
the stimulation to treat the pain, 

33. Apparatus according to claim 29, wherem the peripheral condition includes pain 
caused by an mflammation of the subject, and wherem the stimulator is adapted to 
configure the stimulation to treat the paia 

34. Apparatus according to any one of clahns 1-16, wherem the site includes the 
vidian nerve of the subject, and wherein the stimulator is ad^ed to stimulate the vidian 
nerve, so as to cause the mcrease m passage of die NSAID. 
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35. Apparatus according to claim 34. wherein the vidian nerve includes the greater 
superficial petrosal nerve of the subject, and wherein the stimulator is adapted to stimulate 
the greater superficial petrosal nerve, so as to cause the increase in passage of the NSAID. 

36. Apparatus according to claim 34, wherein the vidian nerve includes flie lesser deep 
5 petrosal nerve of the subject, and wherem the stimulator is adapted to stimulate the lesser 

deep petrosal nerve, so as to cause the increase in passage of the NSAID. 

37. Apparatus according to any one of claims 1-16, wherein the stimulator comprises 
an electrical stimulator, adapted to drive a current into the site, so as to stimulate the site. 

38. Apparatus according to claim 37, wherein the electrical stimulator is ad^ed to be 
10 implanted in a body of the subject 

39. Apparatus according ti) claim 37, wherein theelectrical stimulator comprises: 
at least one electrode, adapted to be placed in a vicinity of the site; and 

a control unit, adapted to drive the electrode to apply the current to the site. 

40. Apparatus according to claim 39, wherein the electrode is adapted to be implanted 
15 in the vicinity of the site. 

41. Apparatus according to claim 39, wherein the site mcludes a first site and a second 
site, different from the first site, and wherein the at least one electrode comprises a first 
electrode and a second electrode, the first electrode adapted to be placed in a vicinity of 
the first site, and the second electrode adapted to be placed in a vicinity of the second site. 

20 42. Apparatus according to claim 41, wherein the first site includes the vidian nerve of 
the subject, and the second site includes the SPG of the subject, and wherein the first 
electrode is adapted to be placed in a vicinity of the vidiannerve, and the second electrode 
is adapted to be placed in a vicinity of the SPG. 

43. Apparatus according to any one of claims 1-16, wherein the stimulator comprises 
25 a chemical stimulator device, adapted to apply a chemical to the site, so as to stimulate the 

site. 

44. Apparatus according to claim 43, wherein the chemical includes a neuroexcitatory 
agent, and wherein the chemical stimulator device is adapted to apply the neuroexcitatory 
agent 
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45. Apparatus according to claim 44, wherein the neuroexcitatoiy agent includes 
acetylcholine, and wherein the chemical stimulator device is adapted to apply the 
acetylcholine. 

46. Apparatus according to any one of claims 1-16, wherein the stimulator comprises 
5 a mechanical stimulator device, adapted to apply mechanical stimulation to the site. 

47. Apparatus according to claim 46, wherein the mechanical stimulator devicd is 
adapted to apply vibration to the site. 

48. A method for delivering a Non Steroidal Anti-MIammatory Drug (NSAID) to at 
least a portion of a central nervous system (CNS) of a subject, comprising: 

10 supplying the NSAID to a systemic blood circulation of the subject; 

stimulatmg at least one site of the subject, the site selected from the list consisting 
of: a sphenopalatine gangUon (SPG) of the subject, an anterior ethmoidal nerve of the 
subject, a posterior ethmoidal nerve of the subject, a communicating branch between an 
anterior ethmoidal nerve and a retro-orbital branch of an SPG of the subject, a 
15 communicating branch between a posterior ethmoidal nerve and a retro-orbital branch of 
an SPG of the subject, a greater palatine nerve of the subject, a lesser palatine nerve of the 
subject, a sphenopalatine nerve of the subject, a communicating branch between a 
maxillary nerve and an SPG of the subject, a nasopalatme nerve of the subject, a posterior 
nasal nerve of the subject, an infraorbital nerve of the subject, an otic ganglion of the 
subject, an afferent fiber going into the otic gangUon of the subject,'an efferent fiber going ' 
out of the otic ganglion of the subject, a vidian nerve of the subject, a greater superficial 
petrosal nerve of the subject, and a lesser deep petrosal nerve of the subject; and 

configuring the stimulation so as to cause an increase in passage of the NSAID 
fi^m the systemic blood circulation across a blood brain barrier (BBB) of the subject to 
Hie portion of the CNS, during at least a portion of the time that the NSAID is present in 
the blood. 

49. A method according to claim 48, wherein stimulating the site comprises 
stimulating the SPG of the subject, so as to cause the increase in passage of the NSAID. 

50. A method according to claim 48, wherein stimulating the site comprises 
stimulating the anterior ethmoidal nerve of the subject, so as to cause the increase in 
passage of the NSAID. 
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51. A method according to claim 48, wherein stimulating the site comprises 
stimulating the posterior ethmoidal nerve of the subject, so as to cause the increase in 
passage of the NSAID. 

52. A method according to claim 48, wherein stimulating the site comprises 
5 stimulating the communicating branch between the anterior ethmoidal nerve and the retro- 
orbital branch of the SPG of the subject, so as to cause the increase in passage of the 
NSAID. 

53. A method according to claun 48, wherein stimulating the site comprises 
stimulating tiie communicating branch between the posterior ethmoidal nerve and the 

10 retro-orbital branch of the SPG of the subject, so as to cause the increase in passage of the 
NSAID. 

54. A method according to claim 48, wherein stimulating tiie site comprises 
stimulating flie greater palatine nerve of the subject, so as to cause tiie increase in passage 
of flie NSAID. 

15 55. A method according to claim 48, wherein stimulating tiie site comprises 
stimulating the lesser palatine nerve of tiie subject, so as to cause tiie increase in passage 
of tiie NSAID. 

56. A method according to claim 48, wherem stimulating tiie site comprises 
stimulating tiie sphenopalatine nerve of tiie subject, so as to cause tiie increase in passage 

20 of flie NSAID. 

57. A metiiod according to claim 48, wherein stimulating tiie site comprises 
stimulating tiie communicating branch between tiie maxillary nerve and tiie SPG of the 
subject, so as to cause the increase in passage of the NSAID. 

58. A method according to claim 48, wherein stimulating tiie site comprises 
stimulating tiie nasopalatine nerve of flie subject, so as to cause tiie increase in passage of 
tiie NSAID. 

59. A mefliod according to claim 48, wherein stimulating tiie site comprises 
stimulating tiie posterior nasal nerve of tiie subject, so as to cause tiie increase in passage 
of tiie NSAID. 
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60. A method according to claim 48, wherein stimulating the site comprises 
stimulating the infraorbital nerve of the subject, so as to cause the increase in passage of 
theNSAJD. 

61. A method according to claim 48, wherein stimulating die site comprises 
5 stimulating die otic ganglion of die subject, so as to cause die increase in passage of the 

NSAID. 

62. A method according to claim 48, wherein stimulating die site comprises 
stimulating die afferent fiber going into die otic ganglion of die subject, so as to cause die 
increase in passage of the NSAID. 

10 63. A mettiod according to claim 48, vi^erein stimulating the site comprises 
stimulating die efferent fiber going out of die otic ganglion of die subject, so as to cause 
the ino^ase in passage of the NSAID. 

64. A method according to claim 48, M^erein stimulating the site comprises driving a 
current into the site, and wherein configuring die stimulation comprises configuring die 

15 cunrent so as to cause an increase in passage of die NSAID from die systemic blood 
circulation across die BBB to die portion of die CNS, during at least a portion of die time 
that the NSAID is present in the blood. 

65. A mediod according to any one of clahns 48-64, v^iierein configuring die 
stimulation comprises configuring die stimulation so as to treat a condition of die CNS of 

20 die subject 

66. A mediod according to claim 65, wherein die condition of die OsfS includes 
dq)ression of die subject, and wherein configuring tiie stimulation comprises configuring 
the stimulation so as to treat the depression. 

67. A method according to claim 65, wherein the condition of die CNS includes 
25 lediaigy of die subject, and vrtier&n configuring die stimulation comprises configuring the 

stimulation so as to treat the lethargy. 

68. A mediod according to claim 65, wherein die condition of die CNS includes a loss 
of appetite of the subject, and wherein configuring the stimulation comprises configuring 
die stimulation so as to treat the loss of appetite. 
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69. A method according to claim 65, wherein the condition of the CNS includes 
multiple sclerosis of the subject, and wherein configuring the stimulation comprises 
configuring the stimulation so as to treat the multiple sclerosis. 

70. A method according to claim 65, wherein the condition of the CNS includes a 
5 psychic disturbance of the subject, and wherein configuring the stimulation comprises 

configuring the stimulation so as to treat &e psychic disturbance. 

71. A metihod according to claim 65, wherein the condition of the CNS includes 
dementia of the subject, and wherein configuring the stimulation comprises configuring 
the stimulation so as to treat the dementia. 

10 72. A method according to claim 65, wherein the condition of the CNS includes a 
neurodegenemtive condition of the subject, and \yherein configuring the stimulation 
comprises configuring the stimulation so as to treat the neurodegeaerative condition. 

73. A method according to claim 65, wherein the condition of the CNS includes an 
infection of the subject, and wherein configuring the stimulation comprises configuring 

15 the stimulation so as to treat the infection. 

74. A method according to claim 65, wherein the condition of the CNS includes 
inflammation of a brain of tiie subject, and wherein configuring the stimulation comprises 
configuring the stimulation so as to treat the inflammation. 

75. A method according to any one of claims 48-64, wherein the condition of the CNS 
20 includes a headache of the subject, and wherein configuring the stimulation comprises 

configuring the stimulation so as to treat the headache. 

76. A method according to claim 75, wherein the condition of the CNS includes a 
migraine headache of the subject, and wherein configuring the stimulation comprises 
configuring the stimulation so as to treat the migraine headache. 

25 77. A method according to claim 75, wherein configuring the stimulation comprises 
configuring the stimulation so as to treat a peripheral condition of the subject. 

78. A method according to claim 77, wherein the peripheral condition of the CNS 
includes pain in a joint of the subject, and wherein configuring tiie stimulation comprises 
configuring the stimulation so as to treat the joint pain. 
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79. A method according to claim 77, wherein the peripheral condition includes pain in 
a muscle of the subject, and wherein configuring the stimulation comprises configuring 
the stimulation so as to treat the muscle pain. 

80. A method according to claim 77, wherein the peripheral condition includes pain 
S caused by an infection of the subject, and wherein configuring the stimulation comprises 

configuring the stimulation so as to treat the pain. 

81. A method according to claim 77, wherein the peripheral condition includes pain 
caused by an inflanMnation of the subject, and wherein configuring the stimulation 
comprises configuring the stimulation so as to treat the pain. 

10 82. A method according to any one of claims 48-64, wherein stimulating the site 
comprises stimulating the vidian nerve of the subject, so as to cause the increase in 
passage of the NSAID. 

83. A method according to claim 82, wherein stimulating the site comprises 
stimulating the greater superficial petrosal nerve of the subject, so as to cause the increase 

15 in passage of the NSAID. 

84. A method according to claim 82, wherein stimulating the site comprises 
stimulating the lesser deep petrosal nerve of the subject, so as to cause the increase in 
passage of the NSAID. 

85. A method according to any one of claims 48-64^ wherein the site includes a first 
20 site and a second site, different from the first site, and wherein driving tiie current 

comprises driving the current between the first site and the second site. 

86. A method according to claim 85, 

wherein the first site includes the vidian nerve of the subject, and the second site 
includes the SPG of the subject, and 
25 whereia driving the current comprises driving the current betwem the vidian nerve 

and&eSPG, 

87. A method according to any one of claims 48-64, wherein stunulating the site 
comprises applying a chemical to the site, so as to stimulate the site. 

88. A method according to claim 87, wherein applying the chemical comprises 
30 applying a neuroexcitatoiy agent to the site, so as to stimulate the site. 

40 



wo 2004/043334 PCT/IL2003/000964 

89. A method according to claim 88, wterein applying the neuroexcitatoiy agent 
comprises applying acetylcholine to the site, so as to stimulate the site. 

90. A method according to any one of claims 48-64, whetem stimulating the site 
con^jrises flying mechanical stimulation to tiie site, so as to stimulate the site. 

91. A method accordmg to claim 90, wherein applying the mechanical stimulation 
comprises applying vibration to the site, so as to stimulate the site. 
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